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CLAIMS (amended) 



(Amended) An optical waveguide circuit comprising: 



at least one optical waveguide; and 

a slab waveguide connected to said at least one optical 
waveguide/ 

said at least one optical waveguide and slab waveguide 

comprising: a first core; 

a cladding that buries said first core; and 

a second core that is formed between said first core and 

cladding, 

wherein said second core is so formed throughout said at 
least optical waveguide and slab waveguide as to cover said 
first core, 

the refractive index of said second core is higher than 
the refractive index of said cladding, and 

the boundary between said second core and cladding is 
made smooth. 

2. (Amended) An optical waveguide circuit that allows an 
optical signal propagating through at least one optical 
waveguide to branch into a plurality of optical waveguides, or 
converges optical signals propagating through a plurality of 
optical waveguides into at least one optical waveguide, 

said at least one optical waveguide and plurality of 
optical waveguides comprising: 

a first core that branches from at least one core to a 
plurality of cores or that is converged from a plurality of 
cores into at least one core; 

a cladding that buries at least said first core; and 
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a second core formed between said first core and cladding, 
wherein each interval between the branches of said first 
core that branches in the plurality of optical waveguides 
becomes wider as said first core gets away from a branch point 
5 or converging point of an optical signal, 

said second core of said plurality of optical waveguides 
is formed in the gaps between said branches of first core at 
the position in the vicinity of the branch point or converging 
point, 

10 said second core is so formed throughout said at least 

one optical waveguide and plurality of optical waveguides as 

to cover said first core, 

the refractive index of said second core is higher than 

the refractive index of said cladding, 
15 the boundary between said second core and cladding is 

made smooth, and 

the film thickness of said second core formed in the gaps 

between said branches of first core becomes thinner as the 

interval between said branches of first core becomes wider. 
20 3. The optical waveguide circuit according to claim 2, 

wherein said optical waveguide circuit is a Y-shaped branch 

circuit . 

4. (Amended) An optical waveguide circuit comprising: 

a first slab waveguide connected at least one input 
25 waveguide; 

a second slab waveguide connected at least one output 

waveguide; and 

arrayed waveguides formed between said first and second 

slab waveguides with optical path length differences, 
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said first slab waveguide, said second slab waveguide and 
said arrayed waveguides comprising: a first core that branches 
in the arrayed waveguides and that is converged into at least 
one core in said first or second slab waveguides; 
5 a cladding that buries said first core: and 

a second core formed between said first core and cladding, 
wherein said second core of said arrayed waveguides is 
formed in the gaps between the branches of said first core at 
connection areas between said first and second slab waveguides 
10 and said arrayed waveguides and the portion near the 
connection areas, 

said second core is so formed throughout said first slab 
waveguide, arrayed waveguides, and second slab waveguide as to 
cover said first core, 
15 the refractive index of said second core is higher than 

the refractive index of said cladding, 

the boundary between said second core and cladding is 
made smooth, and 

the film thickness of said second core formed in the gaps 
20 between said branches of first core of said arrayed waveguides 
becomes thinner as the interval between said branches of first 
core becomes wider. 

5. (Amended) An optical waveguide circuit comprising proximity 
waveguides in which a plurality of first cores are nearby 
25 arranged to each other, 

said optical waveguide comprising: 
a plurality of first cores; 

a cladding that buries said first cores; and 

a second core that is formed between said first cores and 
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cladding to cover said first cores, 

wherein said second core is formed in the gaps between 
said first cores in said proximity waveguides, and said second 
core is not formed in the gaps between said first cores in the 
5 waveguides other than said proximity waveguides, 

the refractive index of said second core is higher than 
the refractive index of said cladding, and 

the boundary between said second core and cladding is 
made smooth . 

10 6. The optical waveguide circuit according to claim 1, 

wherein said first core that is covered by said second core 
has a substantially rectangular cross-section, and said second 
core covers the. upper surface and both side surfaces of said 
first core . 

15 7. The optical waveguide circuit according to claim 2, 

wherein said first core that is covered by said second core 
has a substantially rectangular cross-section, and said second 
core covers the upper surface and both side surfaces of said 
first core. 

20 8. The optical waveguide circuit according to claim 4, 

wherein said first core that is covered by said second core 
has a substantially rectangular cross-section, and said second 
core covers the upper surface and both side surfaces of said 
first core. 

25 9. The optical waveguide circuit according to claim 5, 

wherein said first core that is covered by said second core 
has a substantially rectangular cross-section, and said second 
core covers the upper surface and both side surfaces of said 
first core. 
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10. The optical waveguide circuit according to claim 1, 
wherein the thickness of said second core that covers at least 
a part of said first core is less than or equal to twice the 
thickness of said first core. 
5 11. The optical waveguide circuit according to claim 2, 

wherein the thickness of the second core that covers at least 
a part of said first core is less than or equal to twice the 
thickness of said first core. 

12. The optical waveguide circuit according to claim 4, 

10 wherein the thickness of said second core that covers at least 
a part of said first core is less than or equal to twice the 
thickness of said first core. 

13. The optical waveguide circuit according to claim 5, 
wherein the thickness of said second core that covers at least 

15 a part of said first core is less than or equal to twice the 
thickness of said first core. 

14. The optical waveguide circuit according to claim 1, 
wherein the refractive index of said second core is less than 
or equal to 1.01 times the refractive index of said first core. 

20 15. The optical waveguide circuit according to claim 2, 

wherein the refractive index of said second core is less than 
or equal to 1.01 times the refractive index of said first core. 

16. The optical waveguide circuit according to claim 4, 
wherein the refractive index of said second core is less than 

25 or equal to 1.01 times the refractive index of said first core. 

17. The optical waveguide circuit according to claim 5, 
wherein the refractive index of said second core is less than 
or equal to 1.01 times the refractive index of said first core. 

18. (Amended) A manufacturing method of an optical waveguide 
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circuit comprising: at least one optical waveguide; and a slab 
waveguide connected to said at least one optical waveguide, 
said method comprising at least the steps of: 
forming a core layer; 
5 selectively etching said core layer to form a first core 

throughout said at least one optical waveguide and slab 
waveguide; 

forming a second core layer that covers the upper surface 
and both side surfaces of said first core, said second core 
10 layer being made of a material having a refractive index 
higher than the refractive index of said cladding; 

applying a heat reflow to said second core layer to 
smooth the surface thereof to complete a second core; and 
forming said cladding on said second core. 
15 19. (Amended) A manufacturing method of an optical waveguide 
circuit that allows an optical signal propagating through at 
least one optical waveguide to branch into a plurality of 
optical waveguides, or converges optical signals propagating 
through a plurality of waveguides into, at least one optical 
20 waveguide, said method comprising at least the steps of: 
forming a core layer; 

selectively etching said core layer to form a first core 
that branches from at least one core to a plurality of cores 
or that is converged from a plurality of cores into at least 
25 one core, each interval of the branches of said first core 
becoming wider as said first core gets away from a branch 
point or converging point of an optical signal; 

forming a second core layer on the upper portion of said 
first core and between the branches of said first core 
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throughout said at least one optical waveguide and plurality 
of optical waveguides , said second core layer being made of a 
material having a refractive index higher than the refractive 
index of said cladding; 
5 applying a heat reflow to said second core layer to 

smooth the surface thereof and forming a second core such that 
the film thickness of said second core layer that is formed in 
the gaps between the branches of said first core becomes 
thinner as the interval between the branches of said first 

10 core becomes wider; and 

forming said cladding on said second core. 
20. (Amended) A manufacturing method of an optical waveguide 
circuit comprising: a first slab waveguide connected at least 
one input waveguide; a second slab waveguide connected at 

15 least one output waveguide; and arrayed waveguides including a 
plurality of cores and formed between said first and second 
slab waveguides with optical path length differences, said 
method comprising at least the steps of: 
forming a core layer; 

20 selectively etching said core layer to form said first 

core that branches in connection points between said first and 
second slab waveguides and arrayed waveguides in said first 
slab waveguide, arrayed waveguides, and second slab waveguide, 
each interval of the branches of said first core becoming 

25 wider as said first core gets away from a connection point 

between said first and second slab waveguides and the arrayed 
waveguides; 

forming a second core layer on the upper portion of said 
first core and between the branches of said first core at 
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least throughout said first slab waveguide, arrayed waveguides, 
and second slab waveguide, said second core layer being made 
of a material having a refractive index higher than the 
refractive index of said cladding; 
5 applying a heat reflow to said second core layer to 

smooth the surface thereof and forming a second core such that 
the film thickness of said second core layer that is formed in 
the gaps between the branches of said first core becomes 
thinner as the interval between the branches of said first 

10 core becomes wider; and 

forming said cladding on said second core. 
21. (Amended) A manufacturing method of an optical waveguide 
circuit comprising proximity waveguides in which a plurality 
of first cores are nearby arranged to each other, said method 

15 comprising at least the steps of: 
forming a core layer: 

selectively etching said core layer to form the plurality 
of first cores; 

forming a second core layer on the upper portion of each 
20 of said first cores and between said first cores, said second 
core layer being made of a material having a refractive index 
higher than the refractive index of said cladding; 

applying a heat reflow to said second core layer to 
smooth the surface thereof to form a second core in the gaps 
25 between said first cores in said proximity waveguides such 

that said second core is not formed in the gaps between said 
first cores in the waveguides other than said proximity 
waveguides; and 

forming said cladding on said second core. 



BEST AVAILABLE COPY 




PCt application 

P2003/0O7856 



PATENT COOPERATION TREATY 
Q * pCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCrAitlde36andR»l=-"» 




or 



■ ™mitta\oflntemational ttelunuiary 

See^otificauoaofrtansm^a 416) 

R FURTHER ACTION Exan unationRe P ort^ormP^ 

^^^^^ Pn °?U-e2002^f^ 
2 0 June 2003 (20.06.2003) 



Applicant 



NEC CORPORATION 



p^dbythismtcmationalPrcUminarv 



Examining Authority 



sheets, including this cover sheet 



2. 



70.16 and Section 607 oi m 

. .. 6 sheets. 

• consist of a total of. — 

^^^^^^^^ 



Basis of the report 
Priority 

in □ 

r — 1 Lack of unity ^ " , 

w 2 ^j^isssw-* 



B Q Priority regard to novelty, inventive step 

Non-establishment of opunon with rega 



Laekofunity of invenuon ^ to novelty , inventive step or m« 



and industrial applicability 

diistrial applicability; 



Certain documents cited 

on the international application 



VI a 

f—1 certain defects m the 

vn I 1 

„, I — 1 Certain 
VLTI \ 1 



Date of submissionofthe demand 

20 June 2003 (20.06.2003) 

l^ano^ngl^^ 



Facsimile r4o. 



/Tulv 1998) 



Dateofcompletionofthisreport 

09 January 2004 (09.01.2004) 



Telephone No. 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International aprJIKion No. 

PCT/JP2003/007856 



1. With regard to the elements of the international application:* 
| | the international application as originally filed 
the description: 

pages 

pages 

pages 



Basis of the report 



1-22 



, as originally filed 

, filed with the demand 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



3, 6-17 



, as originally filed 

, as amended (together with any statement under Article 19 

, filed with the demand 



1,2,4, 5,18-21 



filed with the letter of 22 December 2003 (22.12.2003) 



the drawings: 

pages 

pages 



1-36 



, as originally filed 
, filed with the demand 



..filed with the letter of 



| | the sequence listing part of the description: 

pages 

pages 



, as originally filed 

_ , filed with the demand 



„ , filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority m the language in which 
the international application was filed, unless otherwise indicated under this item. , 
These elements were available or furnished to this Authority in the following language _ wnicn is 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

| | the language of publication of the international application (under Rule 48.3(b)). 

[ | the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

| 1 contained in the international application in written form. 

| | filed together with the international application in computer readable form 

| | furnished subsequently to this Authority in written form. 

J _J furnished subsequently to this Authority in computer readable form. 

[H The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
| | The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 



□ 



The amendments have resulted in the cancellation of: 

I | the description, pages 

1 | the claims, Nos. . 

I | the drawings, sheets/fig 



□ This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been famished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Statement 
Novelty (N) 

Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-21 



1-21 



1-21 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 

Document 1: JP 5-188231 A (Sumitomo Electric Industries, 

Ltd. ) , 30 July 1993 
Document 2: JP 3-158802 A (Hitachi Cable, Ltd.), 8 July 

1991 

Document 3: JP 2000-147283 A (Nippon Telegraph and 

Telephone Corp.), 26 May 2000 
Document 4: JP 9-73021 A (Fujikura Ltd.), 18 March 1997 

Claims 1, 6, 10, 14, and 18 

The inventions described in claims 1, 6, 10, 14, and 
18 and the inventions disclosed in documents 1 and 2 only 
differ in that the inventions described in claims 1, 6, 
10, 14, and 18 pertain to an optical waveguide circuit 
provided with at least one optical waveguide and a slab 
waveguide connected to the aforementioned optical 
waveguide, whereas documents 1 and 2 make no disclosures 
pertaining to a slab waveguide, but all other features are 
the same (for examples-, see document 1 (paragraphs [0009] 
to [0011], [0024], and [0028]) or document 2 (fig. 1, page 
3, lower right column, lines 1 to 3, page 3, lower left 
column, lines 1 to 8, page 4, upper right column, lines 8 
to 11) ) . 

However, it is obvious that the problem of 
microscopic unevenness occurring in the surface of the 
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slab waveguide, thereby causing optical transmission loss, 
also occurs when etching is used to form a slab waveguide, 
and thus, a person skilled in the art could easily 
conceive of forming the second cores so that they extend 
across at least one optical waveguide and slab waveguide 
and cover the first cores. 

Claims 2 to 4, 7, 8, 11, 12, 15, 16, 19, and 20 

Document 3 discloses a feature wherein, in order to 
reduce optical propagation loss at a connecting part 
between an AWG slab waveguide and an array waveguide, an 
embedded layer is provided between the cores of the array 
waveguide, said embedded layer being formed so that the 
height thereof decreases moving away from the slab 
waveguide (see paragraph [0013], fig. 1), but document 3 
does not indicate that the upper surface or side surfaces 
of the first cores of the slab waveguide are covered by 
the embedded layer (second cores) , nor does it indicate 
that the embedded layer (second cores) covers the first 
cores of the array waveguide. 

However, the problem of etching causing microscopic 
unevenness in a waveguide surface, thereby causing optical 
transmission loss, is common to all optical waveguide 
circuits, and thus, a person skilled in the art could 
easily conceive of adapting the invention disclosed in 
document 3 so that the upper surface and side surfaces of 
the first cores of the slab waveguide and the first cores 
of the array waveguide* are covered by an embedded layer 
(second cores) . 

The same feature applies to Y- junction circuits, and 
thus, a person skilled in the art could easily conceive of 
the Y- junction circuit having in a region between two 
branching cores an embedded layer comprising the same 
material as the cores, disclosed in document 3 (see 
paragraph [0024], fig. 4), wherein the upper surface and 
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in No. 



side surfaces of the cores are covered with a thin-film 
layer having the same index of refraction as the cores. 

Claims 5, 9, 13, 17, and 21 

Newly cited document 4 (paragraph [0014], fig- 1) 
discloses a directional coupler wherein an optical 
coupling layer is formed in a region where two optical 
waveguides join such that the base parts of the two 
optical waveguides are connected. As a result of this 
feature, the optical waveguides are directly connected via 
the optical coupling layer in the coupling region, 
allowing optical coupling in a short coupling region (see. 
paragraph [0009]). Further, document 4 (paragraph [0021] 
and fig. 4) also indicates that the invention can also 
have a structure wherein a clad layer with an index of 
refraction lower than that of the optical waveguides and 
the optical coupling layer is provided so as to cover the 
optical waveguides and the optical coupling layer. 

Meanwhile, documents 1 and 2 disclose a feature 
wherein the upper surface and side surfaces of cores are 
covered with a thin-film layer having the same index of 
refraction as that of the cores. As a result of this 
feature, optical transmission loss due to microscopic 
unevenness in the core surface occurring during the 
formation of the core pattern using etching can be 
reduced. 

Here, the problem of etching causing microscopic 
unevenness in a waveguide surface, thereby causing optical 
transmission loss, is common to all optical waveguide 
circuits, and thus, a person skilled in the art could 
easily conceive of adapting the invention disclosed in 
document 4 so that the upper surface and side surfaces of 
the cores are covered by a thin-film layer having the same 
index of refraction as that of the cores. 
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